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ABSTRACT

The Northwest and Al aska Fisheries Center conducted a bottomtraw survey
during July-Cctober, 1980 off Washington, Oegon, and California as the second in a
series of triennial assessnments of Pacific whiting and inportant shelf rockfish
resources. Two chartered trawl vessels sanpled at 529 preselected stations from
Monterey, California to northern Vancouver |sland between the depths of 30 and,

200 fathoms. Catch per unit effort data for canary rockfish (Sebastes pinniger),

yel lowtail rockfish (S. flavidus), bocaccio (S. paucispinis), and chilipepper (S
goodei) were conpared with data froma 1977 survey and decreases in popul ation
densities were observed in npbst areas. Canary and yellowtail biomass estimtes
were greatest in the International North Pacific Fishery Comm ssion (INPFC)
Vancouver and Col unbi a areas and about equally distributed between the two areas.
Ni nety-four and 71 percent of the estimated chilipepper and bocacci o bi omass
occurred to the south in the INPFC Mnterey area. Age and length frequencies are
presented by INPFC area. Factors affecting traw survey estimates and variation

in the availability of rockfish to sanpling gear are discussed.

Preceding Page Blank



| NTRODUCTI ON

Fi shery-i ndependent resource surveys have been conducted by the Northwest
and Al aska Fisheries Center for a number of years to conpl enent anal yses
based on fishery data and to provide statistical assessnent and bi ol ogi ca
information not available from other sources. In 1977, the first of a series
of triennial west coast groundfish assessment surveys was conpl eted (Gunderson
and Sanple 1980). The results of that survey were utilized by the Pacific
Fi shery Managenent Council in the devel opnent of its groundfish managenent
pl an.

In 1980, a second conprehensive survey was conpleted off the coasts of
Canada, Washington, Oregon, and California. The 1980 survey was designed to
provide current information on the distribution, abundance, and bi ol ogi ca

characteristics of Pacific whiting (Merluccius productus) and shelf rockfish

stocks.  Special sanmpling was incorporated to assess the distribution and

abundance of canary (Sebastes flavidus) and yellowtail rockfish (S. pinniger)

in tw comercially inportant areas off \Wshington and Oregon. The purpose

of this special sanpling was to evaluate optinumyields (OYs) recommended in
the Pacific Fishery Managenment Council's draft West Coast G oundfish Managenent
Pl an which were being approached or exceeded by 1978 and 1979 conmercia

catches of canary and yellowtail rockfish. This report presents infornation
on these key rockfish species based on the bottomtraw survey data. Results
of bottom traw /hydroacoustic surveys for Pacific whiting will be contained

in a separate report.



METHODS
Tim ng and Geographi c-bat hynetric Coverage

The 1980 Pacific whiting/shelf rockfish survey was conducted during
5 July-1 Cctober. Primary considerations in selecting this study period were
that Pacific whiting should be well established in summer feeding areas, an
optimum tine for determ ning abundance, and it approximated the timng of the
1977 study to facilitate conparisions between the two surveys. The geographic
and depth boundaries of the survey area were established to include the distri-
bution of the comrercially available portion of the Pacific whiting resource
as well as rockfish areas of mmjor concern. GCeographic boundaries were |at.
36°48' N (Monterey Bay, California) on the south and lat. 50°00'N (northern

Vancouver Island, B.C) on the north. Survey depths were from 30 to 200 fathomns

(55-366m).
Vessel s and Equi pnent

Two commercial west coast trawers, the Pat San Marie and Mary Lou,
were chartered for a period of 80 days each to conduct this survey. The Pat
San Marie. is alOl-ft (31 n) sternranp traw er powered by an 865-hp main
engine. Deck equi pment includes hydraulically powered trawm w nches, a
single net reel nounted above the stern ranp, dual net reels nmounted just aft
of the pilot house, and lifting wi nches and tackle mounted on the main boom
and a picking boom

The Mary Lou is an 86-ft (26 m) stern trawl er powered by twin main
engines providing 700 hp. Deck equi pnment includes hydraulically powered traw
wi nches, dual net reels nmounted above the stern ranp, and lifting w nches and

tackle nounted on the main boom and picking boom
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The vessels had similar electronic equipnent which included VHF and single
si deband radi os, dual radars, dual echosounders, sector scanning sonar, net
sounders, automatic pilot, and dual Loran C receivers. In addition, the Pat
San Marie had a third Loran C receiver with a Loran-to-geodetic coordinate
converter

The traw net used for the demersal survey was the Nor' Eastern bottom
traw equipped with 14- and 18-inch (35.6 and 45.7 cm rollers on the footrope
This traw has a headrope of 90 ft (27.4 nm) and a footrope of 105 ft (32 m.
Construction in the forebody is of S-in (127 m) stretched-mesh web, 3.5-in
(89 M web in the cod end, and a 1.25-in (32 nmm web liner in the cod end
Each wing was attached to a 5 x 7-ft (1.5 x 2.1 n) steel V-shaped traw door
by three 30 fathom (55 n) dandylines, the bottom one of which was |/2-in (12.5 mm
diameter, and the top two were 3/8-in (9.8 nmm) diameter steel cable. The
mout h openi ng di mensions of this net were not neasured on either vessel during
this survey, but average net nouth di mensions neasured aboard simlar vessels
fishing this gear at a simlar speed are 44-ft (13.4 n) wide and 29-ft (8.8 m
high. Because a study to measure relative fishing powers of the two vessels
was not practical, every effort was made to rig the nets on each vessel iden-
tically and to assure that the vessels utilized simlar setting, fishing, and
retrieving procedures to provide, as nearly as possible, conparable catch data.

The bottomtraw survey area was stratified latitudinally and bathynmetrically
based on available information on the distribution of the target species.
G eatest sanpling intensities were schedul ed for areas of highest projected
abundance in an effort to reduce the variances of nean catch rates. I nt ensi ve

sanpling was planned in the International North Pacific Fisheries Comm ssion



(INPFC) 1/ Colunbia area (Fig. 1) where shelf rockfish catches are approaching
or had exceeded proposed acceptabl e biol ogi cal catches (ABCS). Conmerci al
catch records for the two species of major concern, canary and yellowail, were
used to delineate the rockfish study areas within the Colunbia region. (One
such area was | ocated off Oregon between lat. 42°50'-44°18' N and the second

of f Washington between lat. 46°10'-47°20'N (Fig. 1). Known bathymetric
distributions of these species were used to select sanpling strata at 30-100
fathoms (55-183 m) and 101-120 fathoms(184-219 nj. Depth strata of 30-100

fat homs (55-183) and 101-200 fathoms (184-366 m) were established for bocaccio

(Sebastes paucispinis) and chilipepper (2. goodei).

The process of trawl sanple allocation involved establishing tracklines
per pendi cul ar to the 30 fathom (55 n) isobath. Trackline spacing directly affected
sanple density. Trackline intervals and sanpling variation fromthe 1977
survey (QGunderson and Sanple 1980) were used to determne the spacing necessary
for desired precision in the 1980 survey. In 1977, tracklines in high density
rockfish areas were established at 5-nm intervals and resulting precision
varied with species and area. N nety percent confidence limts for yellowai
and canary rockfish biomass estimates for the Colunbia area were +72 and +51%
of the point estimate, respectively. Because of the critical managenent
needs for status of stock information in the Col unbia area on canary and
yellowtail rockfish, trackline intervals were reduced to 3 nm in 1980 in
hope of obtaining better precision in abundance estimtes than achieved in
1977. Bocaccio and chilipepper were secondary target species, so no effort

was made to provide for especially intense sanpling of these species.

[/ INPFC statistical areas were used throughout the devel opment of the survey
desi gn and subsequent data anal yses because they represent the nmanagenent
areas adopted by the Pacific Fishery Managenent Counci l
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Traw stations were |ocated al ong tracklines randomy but with the
condition that one station be provided for each 5 nm of trackline length
with a depth stratum If a trackline across a depth stratum was less than 5
nm long, one station was selected for that stratumso that sanpling of all
depth strata would occur on each trackline. Another constraint was that no
two adj acent stations on a trackline could be less than 2 nnmi apart. This
al l ocation scheme provided for relatively intense sanpling in areas where
canary and yellowail rockfish were expected in greatest abundance and yet
allowed for a minimmlevel of sanpling where we antici pated abundance woul d
be | owest.

The survey area was partitioned into 12 biol ogical sanpling regions
at approxi mately equal intervals to facilitate the collection of biological
data from throughout the entire area. Age structures (otoliths) were to be
col lected from 300 rockfish of each target species in each depth stratumof a
bi ol ogical sanpling area. Attenpts were made to accumul ate age data froma
nunber of catches spread throughout each biological sanmpling area. O her
bi ol ogi cal data collected included | ength-frequencies, maturity stages, and
stomach contents. Al length and age sanples were random  Biological collec-
tions were coordinated between the two vessels to ensure thoroughness of
sanpling and reduce duplication of effort.

Traw hauls were made at preselected stations when possible. If the
roughness of the seabed precluded bottomtrawing at the preselected site,

a search was begun for an alternate site within a 1-nm radius. [f none was
found within one half hour of searching, that station was considered untraw -
able and the vessel proceeded to the next station. Standard trawl hauls were
of 30 min duration beginning 3-8 min after setting the winch brakes to allow

the net to settle to the bottom A tow was consi dered successful and included



in the analysis if morethan half the tow tmewas conpleted and if any
irregularities such as snags or tears- occurred that were deemed likely to
have a significant effect on the conposition or magnitude of the catch.

Trawl i ng was conducted only during daylight hours at a vessel speed of ap-
proximately 3 kn over the ground. Catch rates were standardi zed and expressed

in ternms of kilogranms per kilonmeter of trawing (kg/km.

Data Acquisition, Processing, and Analytical Procedures

Representative sanpling of traw catches requires the application of
procedures which not only mininize biases but which are workabl e under con-
ditions-encountered at sea. The catch sanpling programincorporated the
met hods used by Qunderson and Sanple (1980).

All catch and trawl data collected aboard the bottomtraw vessels were
transferred fromwork forms to cassette nagnetic tape at sea through the use
of portable data logging termnals. Data tapes were returned to the Northwest
and Al aska Fisheries Center (NWAFC) where the information was transferred
fromtape to magnetic disc for conmputer analyses. Al data were further
subjected to a nunber of editing prograns for final correction against raw
data fornms before the first analysis was initiated. Al age structures were
read at the NWAFC.

A conputer program package has been devel oped at the NWAFC for most
standard survey data analyses. The basic program provides for the derivation
of catch per unit effort (CPUE) val ues (neans and variances) and bionass and
popul ati on nunber estimates. The cal culations involved in the analysis are
al so described by @nderson and Sanple (1980).

The BI OVASS program generates estinmated popul ation |ength-frequencies for

each species in a stratumby first weighting individual sanple |ength-frequencies



by the appropriate CPUE, sunming them and then expanding the resultant
wei ghted stratum length conposition to the estimted nunbers in that stratum
Age conpositions are derived through use of age-length keys constructed
from age-length samples from each stratum Age-length keys are applied to
strata length conpositions defined above. By developing distinct age-length
keys for each stratum we hope to minimze biases which could occur using a
single key to generate strata age conpositions when the | ength-age relationship
may vary anong strata.

RESULTS
Survey-sanpl i ng Coverage:

The survey vessels occupied nost of the scheduled traw stations in
t he survey area. The survey area covered 32,924 kfwhi ch incl uded 578
schedul ed trawl stations. A total of 529 stations were fished, 502 of which
were considered usable in the analyses. Figure 2 presents the distribution
of bottomtraw hauls and Table 1 shows nunber of hauls allocated and conpleted
by INPFC area and depth strata. Persistent bad weather forced the vessels to
bypass the area between lat. 42°00'-42°50'N in order to maintain the schedul e.
Prol onged favorable weather for the remainder of the period all owed 43 unsched-
uled trawls to be conpleted prior to conclusion of the work. These traws
were used as replicate sanples in the rockfish study area off Washington to
exam ne the changes in shelf rockfish availability during a relatively short
peri od.

Age and |l ength sanples were routinely taken fromtarget species in al
areas where they occurred in adequate nunbers. Age and length collections by

species, INPFC area, and depth stratumare found in Table 2.
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Table 1.--Bottom trawl stations allocated and' conpleted by Internationa
North Pacific Fisheries Commission (I NPFC) area and depth strata.

| NPFC Sanpl i ng
area and Stations density
depth (m al | ocat ed sanpl ed Area (knfl (knR) /st ation)

Vancouver (U. S. Portion)

55-181 21 17 3,687 217
182-366 12 4 51
Dept hs conbi ned 33 21 185
Col unbi a

55-181 253 2 4 9 15,719 63
182- 219 39 30 1,204 40
220-366 37 26 2,743 106
Dept hs conbi ned 329 305 19,666 64
Eur eka

55-181 26 24 2,744 114
182-366 13 12 698 58
Dept hs conbi ned 39 36 3,442 96
Mont er ey

55-181 54 56 8,701 155
182-366 24 20 1,624 81

Depths conbined 78 76 10,325 136



Table 2.--Nunbers of age and length collections fromsel ected species and by
North Pacific Fisheries Commi ssion (INPFC) area.

| nt er nati onal

11

Mont er ey Eur eka Col unbi a Vancouver
Speci es Shel f Sl ope Shel f Sl ope Shel f Sl ope Shelf Tot al
Canary
rockfish
# length 130 819 58 348 1, 355
# age 90 647 20 301 1,058
Yel | owt ai
rockfish
# length 28 100 1, 544 68 500 2,240
# age 87 872 305 1,264
Chi l'i pepper
# length 581 697 67 1, 345
# age 196 324 67 - - - 587
Bocacci o
#1 engt h 345 201 26 12 63 647
# age 116 66 14 196
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Distribution and Abundance

Average CPUE values for the target species are given in Table 3 along
with values from the 1977 survey for conparative purposes. In 1980, canary
rockfish CPUE was highest in the Vancouver area2/ (9.3 kg/km-and [ owest in the
Monterey area (0.3 kg/knm) where the species is usually of mnor inportance.
Yel lowtail rockfish catch rates followed a sinmlar pattern. Both of these
species were at relatively low densities in the Colunbia area, an area where
those species traditionally are an inportant component of the commercial catch.
VWen conpared with the 1977 data, the 1980 results showed that canary and
yellowt ai|l rockfish decreased in abundance in all areas except Eureka. Sub-
stantial decreases occurred in the Vancouver and Col urbia areas. Figures 3 and 4
present yellowail and canary density contours.

Chi |l i pepper is the nost southerly distributed species of concern, with
CPUE progressively increasing fromzero in the Vancouver area to 12.9 kg/km
in the Mnterey area (Table 3, Fig. 5). Chilipepper abundance was significant
only in the Monterey area where there was a very slight decrease in the overal
CPUE between 1977 and 1980. Bocaccio were distributed throughout the survey
region but were also nost dense in the Eureka and Monterey areas (Table 3,
Fig. 6). Bocaccio CPUE, like that of yellowail and canary rockfish, decreased
between 1977 and 1980 in all areas except Eureka.

Since trawl catches of round fishes are likely to underrepresent actua
abundance, estimates of absol ute abundance based on sinple expansion of traw

sanpl es ought to be considered minimal and used with caution. Bionmass val ues

2/ Only the U.S. portion of the INPFC Vancouver area is included in these

anal yses.



Table 3.--Catch per unit effort (kg/km by Internationa
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North Pacific Fisheries

Conmi ssion (I NPFC) areas and depth strata in 1977 and 1980.

Vancouver
(U.S. por-
Speci es tion only) Col unbi a Eur eka Mont er ey®
and
depth (m 1977° 1980 1977° 1980 1977° 1980 1977° 1980
Canary
rockfish
55-183 104.1 9.8 9.9 2.4 0.2 6.2 2.2 0.3
184- 219 0.3 0.2 2.8 1.2 0.0 0.0 0.0 0.4
55-219 46. 8 9.3 5.2 2.4 0.1 5.7 0.6 0.3
Yel lowtail.
rockfish
55-183 58.2 18.9 15.4 4.4 3.6 2.7 2.2 0.3
184- 219 2.0 0.3 1.4 0.9 0.2 0.0 0.0 0.0
55-219 26.9 17.9 7.5 4.3 1.3 2.5 0.8 0.3
Chi l'i pepper
55-183 0.0 0.0 0.0 0.1 0.6 2.9 13.1 13.1
184- 366 0.0 0.0 0.0 0.0 0.0 0.0 21.2 12.1
55- 366 0.0 0.0 0.0 0.1 0.2 2.7 14.8 12.9
Pocacci o
55-183 8.2 0.5 0.9 0.4 0.1 3.3 5.5 4.6
184- 366 0.5 0.4 1.1 0.3 0.1 1.7 14. 4 6.2
55- 366 3.9 0.5 0.9 0.4 0.1 3.0 7.7 4.9

8 1977 CPUE is calculated for the entire Monterey area whereas 1980 CPUE is

cal cul ated for

® The shallow stratum was 91-183 min
area than in 1980.

smal | er

a ngjor

portion.

1977 so CPUE was cal cul ated over a
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have been included here because nanagenent groups often require estimtes which
can be neasured against indicators of absolute resource size derived from other
sources, such as analyses of fisheries informtion. Bi omass estimates are
presented in Table 4. Estimates from the 1977 survey are not presented because
di fferences in depths surveyed in 1977 and 1980 precl ude nmeani ngful conparisons
of bi omass val ues.

The estimated biomass of canary and yellowail rockfish abundance was
greatest in the Vancouver and Col unbia areas and about equally distributed
between the two areas. Densities, however, were over four times greater in the
smal | er Vancouver area (Table 3). Biomass decreased to the south of the Col unbia
area and only 3% of the canary and 2% of yellowail rockfish biomass was | ocated
in the Monterey area. As expected; alnost the entire estinated bi omass occurred
over the continental shelf in waters less than 100 fathoms (184 m). Only 2. 0%
of the canary and 0.5% of the yellowail rockfish bionmass were estimted
to be in the 100-120 fathom (184-219 m zone.

In spite of efforts to increase precision, in the Colunbia area through
"saturation" sanpling, the variance around 1980 bi onass estimtes was somewhat
greater than that observed in 1977. This result reflects the high degree of
annual variability in vulnerability and availability of shelf rockfish to
bottom trawl gear. Nevertheless, the higher intensity sanpling in the Col unbia
area in 1980 was apparently beneficial because variances were reduced from
those in other | NPFC areas where sanmpling was | ess intensive in the sane year

As expected, chilipepper rockfish did not occur in the Vancouver area
only a trace was found in the Colunbia. region, and just under 10,000 t was
estimated for the Mnterey area. Bocaccio is nore prevalent in the northern
areas, but it also was nost abundant in the, Mnterey area. Again nost of

the estimated biomass was in waters |ess than 100 fathons (184 n), but chilipepper



Table 4.--1980 bionass estimates (t) and confidence intervals (Cl) for canary rockfish, yellowtail rockfish,
chilipepper, and bocaccio by depth and | NPFC area.

Speci es and
depth (m (U.S.) Vancouver Col unmbi a Eur eka Mont er ey Tot al

Canary rockfish

55-183 ‘ 2,695 2,844 1,212 204 6,955
184-219 — 3 74 46 12 135
Total 2,698 2,918 1,258 216 7,090

CI (.90) : 0-6,954 1,163-4,676 0-3, 287 0-451 1,381-12,799

Yellowtail rockfish

55-183 5,188 5,207 547 209 11,151
184~219 5 55 0 0 60
Total 5,193 5,262 547 209 11,211
CI (.90) 0-11,400 208-10, 319 14-1,080 0~-425 . 2,024-20,397
Chilipepper
55-183 0 76 - 591 8,488 9,155
184-366 0 11 0 1,465 1,476
Total 0 87 591 9,953 10,631
CI (.90) - 0-181 0-1,627 1,243-18,663 304-20,958
Bocaccio
55-183 136 . 477 682 . 3,017 4,312
184-366 28 95 89 749 . 961
Total 164 572 771 3,766 5,273

CI (.90) 0-336 278-865 263-1279 1,635-5,898 2,660-7,886

61
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and bocaccio tend to be distributed deeper than are yellowtail and canary
rockfish with 14 and 18% of the total biomass, respectively, occurring between
101 and 200 fathoms (183 and 366 nm). Chilipepper and bocaccio densities on the
continental slope. as indicated by catch rates (Table 3) are often conparable

to or exceed those on the shelf, but the much smaller area of the, slope results
in smaller biomss estimtes.,

Ni nety percent confidence intervals for biomass estimates of chilipepper
ranged from + 88-175% of the point estimate and for bocaccio from+ 5/ -105%
Precision of the chilipepper bionass estimtes was greatest in the Mnterey
area in both 1977 and 1980 and poor each year in the other areas. The pre-
cision of the bocaccio estimtes both years was poor in the Vancouver area but

good in all other areas.

Lengt h Conposition

Mean body |engths by species, sex, depth of capture, and I NPFC area are
presented in Table 5. Depth related changes in size are not apparent for any
of these species. The nean lengths of all species showed sonme |atitudina
cline with val ues decreasing fromnorth to south.

Figures 7-10 present estimated popul ation |ength conpositions by sex and
I NPFC area. Length distributions of yellowail rockfish portray sonme vari-
ability, particularly in the Eureka and Monterey areas where sanple sizes
were small (Fig. 7). Strong nodes were present in all areas, except in the case
of females in the Colunbia area, where the size distribution is quite broad
resulting fromthe presence of a large nunber of age groups that were simlarly
represent ed. Mean sizes tended to decrease fromnorth to south and yel | ow ai

rockfish in the southern portion of their range (Mnterey area) 'were on the



Table 5.--Mean lengths (cm of canary rockfish, yellow ai

rockfish; bocaccio,

and chilipepper by sex, depth

stratum and International North Pacific Fisheries Comm ssion (INPFC) area.
Canary rockfish Yel lowtai | rockfish
Depth (m Vancouver Colunmbia Eureka Vancouver Colunbia Eureka Monterey
55-183
mal e 47.7 47.5 45.9 46.1 45,1 42. 4 38.1
femal e 49. 4 49. 6 49.0 46.1 43.9 47.2 37.8
conbi ned 48.3 48.3 46. 8 46. 1 44.9 44. 6 38.0
184-219
mal e 48. 8 44.1
femal e 55.3 42.3
conbi ned 49. 8 43.8
Al depths
mal e 47.7 47.5 45.9 46. 1 45. 1 42. 4 38.1
LSB! e By 8E R 1 By B2 %
Bocacci 0 Chi | i pepper
Depth (m Colunbia Eureka Monterey Col unbi a Eur eka Mont er ey
55-183
mal e 44.8 39.7 42.5 42.7 35.8 33.8
femal e 44.8 42.1 42.1 44.3 45.1 40. 2
conbi ned 44.8 40.7 42.3 43. 2 43.3 37.0
184- 366
mal e 42. 7 41.3 32.9
femal e 41.0 42. 4 39.4
conbi ned 42.2 41.9 36.9
Al depths
mal e 44.8 40.0 42.3 42. 7 35.8 33.7
femal e 44.8 42.0 42.2 44.3 45.1 40.1
conbi ned 44.8 40.9 42.2 43.2 43.3 37.0
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average 8 cmshorter than those sanpled in the Vancouver area. This tend-
ency was al so observed in the 1977 sanpl es (Fraidenburg 1980). The 1977
length distributions were very simlar to those in 1980 with the only dif-
ference of note being in the Monterey area where yellowail were on the
average slightly larger in 1980

Smal | sanple sizes also resulted in considerable variability in the
length distributions of canary rockfish (Fig. 8). The tendency for snaller
fish to be present in the southern part of the range persisted in the case of
canary rockfish. Only the 1977 sanple fromthe Col unbia area was sufficiently
large to be conpared with 1980 data. Conparison with the 1977 length data
(Boehl ert 1980) reveals the presence of fish less than 35 cmin the Colunbia
area in 1980, a size group which was not present in 1977.

Mean sizes of chilipepper were smaller in the Mnterey area (37 cm than
in the Eureka area (43 cnm) (Fig. 9). The distributions for sexes conbined in
t hese areas are bhinodal suggesting the entry of one or two relatively strong,
new year-classes. The presence of those new year-classes was npst noticeable
in the Mnterey area. Length sanples were only taken in the Monterey area in
both 1977 and 1980. The 1977 length distribution was trinodal, w th nodes at
about 23 cm 35 cm and 44 cm The nmbde at 23 cm was not present in 1980
per haps suggesting a |lesser recruitment of 2- and 3-yr-olds. Sanpling vari-
ation may al so be responsible for changes in length distributions and
confirmation of relative year-class strengths require continued nonitoring of
age and length data.

Modes at about 40 cmwere evident in all areas for bocaccio (Fig. 10).

A smal|l node at about 27 cmin the Monterey area suggests the presence of a
relatively strong year-class which was just becom ng available to our sanpling

gear. Wiile a latitudinal trend in size is not so obvious in bocaccio, the
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greatest nean length again was found in the nost northern area (Col unbia)
sanpled for lengths. Bocaccio length distributions in 1977 and 1980 fromthe
Monterey area are quite distinct in that a significant portion of the popul ation
in 1977 was conposed of large fish between 48 and 73 cm while there was only a
trace of that group in 1980. This difference mght be attributed to sanpling
error because in 1977 the 38-48 cmgroup was well represented and by 1980 many
of those fish should have grown 10-12 cm (W I kins 1980). Length distributions
in the other INPFC areas are not conpared because small sanple sizes resulted

in high variability.

Age Conposition

Sufficient otolith sanples were available for estimating popul ati on age
conpositions for all species except bocaccio. Age conpositions for the other
species were based on 1,026 canary rockfish, 1,139 yellowtail rockfish, and
587 chilipepper otoliths.

Canary rockfish age conpositions differed anmong areas with the nodal age
increasing from south to north (Fig. 11). Ages younger than 11 yr were
prom nent in the Eureka and Col unbia areas but were al nost conpletely absent
in the Vancouver area. It is not known whether the recruitnent pattern was
different in the Vancouver area or there has been a succession of very weak
year-classes in this area. Age data for the Vancouver area were not sufficient
in 1977 to determine if this difference occurred in another year. The 1977
age distribution in the Colunbia area (Boehlert 1980) was binodal with ages 9-11
conprising the younger node. The 1980 age distribution in the Col unbia area
was unimodal with the 9-11 age groups the nmajor contributors.

The yellowtail rockfish age distribution in the Eureka area is dom nated

by 10-yr-olds of the 1970 year-class (Fig. 11). Age distributions in the
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Col umbi a and Vancouver areas, however, do not reflect the presence of an
extraordinarily strong year-class and are characterized by a | arge nunber of
year-classes of simlar size. As was the case with canary rockfish, the
youngest 2 or 3 age groups recruited to the sanpling gear in the Eureka and
Col unbia areas are mssing or are present only in trace anounts in the Vancouver
ar ea. In 1977, the 9-yr-olds (1968 year-class) were relatively strong in
most areas (Fraidenburg 1980), but this year-class was not particularly
abundant as 12-yr-olds in 1980. Only in the Vancouver area did 12-yr-olds
appear as a relatively abundant age group. In 1977, age distributions in
most areas were binmpdal, showing a node of younger and a node of ol der age
groups. Only the node of ol der age groups was evident in 1980 suggesting
that recently recruited year-classes are of |ower relative abundance than
they were in 1977.

The age conposition of chilipepper in the Monterey area differed notice-
ably fromthat in the Eureka area (Fig. 12). Represented in the Mnterey area
but hardly significant in the Eureka area were 4- and 5-yr-old fish. Con-
versely, 10- and |l-yr-olds which were promi nent in the Eureka area were m nor
conponents in the Mnterey area. The 1977 age conposition in the Mnterey area
(WIKkins 1980) resenbled that in 1980 with 5-yr-olds predoninating and progres-
sively fewer fish in the older age groups. The 1975 year-class was relatively
strong as 2-yr-olds in 1977 in the Monterey area and anmounted to over 24% of
the population as 5-yr-olds in 1980. As with other species of rockfish, recruit-
ment patterns of chilipepper seemto vary latitudinally with fish recruiting at
a younger age in the nore southern portions of the survey area. The |ower
proportions of older chilipepper in the southern areas is unexplained. Possible
factors include sanpling variability, distributional variability anong age

grows, or juvenescence due to relatively higher rates of fishing nortality.
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SUMMARY AND CONCLUSI ONS

Canary and yellowtail rockfish densities tend to be highest in the
northern portion of-the survey area and decline rather steadily in areas to
the south. Wien mean CPUE' s from 1977 and 1980 survey data are conpared,
popul ation densities for both species appear to have declined in all |NPFC
areas except Eureka. Reductions in CPUE ranged from50%in the Monterey area
to 80%in the Vancouver area for canary rockfish and from33%in the Vancouver
area to 62% in the Mnterey area for yellowail rockfish. The primary concern
is the apparent nmajor reductions of yellowtail and canary rockfish popul ations
in the Vancouver and Col unbia areas where they are traditionally inportant to
the comercial traw fishery.

Chi |'i pepper and bocacci o have a nore southern distribution wth highest
densities in the Mnterey and Eureka areas. Chilipepper abundance was hi ghest
in the Monterey area where there was only a slight decrease in nmean CPUE between
the 1977 and 1980 surveys.

The nmean CPUE for bocaccio decreased in all areas, except Eureka, from
36% in the Mnterey area to 87% in the Vancouver area. Again, these apparent
reductions of a major commercial species are reason for concern and for further
eval uati on.

Canary and yellowtail biomass estimates in 1980 were greatest in the
Vancouver and Col unbi a areas and about equally distributed between the two
areas. The U S. portion of the Vancouver area is only about 20% as |arge
as the Colunbia area so rockfish densities were considerably greater there.

Abundance decreased southward with only 3 and 2% of the canary and yellowail

rockfish biomass, respectively, occurring in the Mnterey area.
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Chili pepper and bocacci o abundance was distributed mainly in 'the south
with 94 and 71% of the estinmated bionass, respectively, occurring in the Mnterey
area. Most of the biomass occurred in waters less than 100 fathonms (184 m, but
these species tend to be nore abundant in deeper waters than do yell ow ai
and canary rockfish.

Length and age data for all four 3/ species show a consistent tendency
for the smaller, younger nmenbers of the population to occupy the southern
portions of the survey region. There is sonme indication that rockfish recruit-
ment patterns vary latitudinally with availability to survey traw s occurring
at a younger age in the nmore southern areas. Canary and yellowail rockfish
 ength conpositions were sinmilar for nmost areas in 1977 and 1980, but the age
conpositions in 1977 were generally bimdal while in 1980 they were uni nodal
It is assunmed that uninodality has resulted fromthe younger age groups in the
l eft-hand nmode in 1977 nmoving through the popul ation and the older fish in the
right-hand node becoming | ess abundant in 1980 due to fishing and natura
mortality. It is suggested then that recently recruited year-classes are of
| ower relative abundance than they were in 1977. Chilipepper nean size was
smaller in the Monterey area than the Eureka area in 1980 and age data reveal ed
a promnent 4- and 5-yr-old conponent in the Mnterey area which was
only of minor significance in the Eureka area. The age conposition for the
Monterey area was similar in 1977 with 5-yr-olds predom nating and pro-
gressively fewer older fish. Age data was not available for bocaccio but a

smal|l node at 27 cmin the length distribution fromthe Mnterey area may

3/ Only length data was available for bocaccio rockfish.
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announce the presence of a relatively strong year-class which was just becom ng
available to our sanpling gear. Comparison of 1977 and 1980 | ength conposi -
tions was difficult because small sanple sizes resulted in high variability.

An inmportant objective associated with building a tine-series data
base for nonitoring population trends is to inprove the quality of that data
base. Survey procedures and results are under constant review and eval uation
so that valid conparisons can be made and to pronote a better understanding
of inherent strengths and weaknesses. A discussion of data accuracy and

precision is presented in the follow ng paragraphs

Factors Affecting Estinmates of Population Length and Age Conposition

Length sanples are collected to account for any latitudinal or bathynmetric
stratification of sizes and weighted by the relative contribution of size
groups in sanples to construct estimated population length conpositions. The
validity of these estimates is likely to be nost affected by inproper weighting
due to inprecise estimates of the relative abundance of size groups and unequa
vul nerability of size groups to the sampling gear.

The accuracy of estimates of numbers or proportions by age group are
unknown, but several procedures are routinely applied to mninmze the effects
of commonly recognized pitfalls. Because many species are known to exhibit
latitudinal clines in length and age conposition, our sanpling designs have
i ncl uded the designation of biological sanpling strata that pronote uniforni
bi ol ogical sanpling over wide latitudinal and bathymetric ranges. |ndividual
sanpl e length frequencies are weighted by CPUE to establish their relative
contribution to strata length frequencies. Distinct age-length keys for each

stratumare applied to length frequencies for the correspondi ng stratum when
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estimating age conpositions with the intent of reducing the effects of any
changes anobng areas in the age-length relationship such as those observed by
Westrheim and Ricker (1978) and Kinura (1977).

Whi |l e biological data collected during research surveys nay be subject to
the errors and biases mentioned above, we believe the age and |length data pre-
sently avail abl e provides a reasonable characterization of the target popul a-
tions within the survey zone. These data should be considerably nore repre-
sentative than data derived from comercial |andings which are often the product
of at-sea-culling and specific harvesting strategies ained at capturing the nost
mar ket abl e conponents of the population. Future enhancement of sanpling pro-
grams shoul d involve the spatial and tenporal allocation of sanpling effort in
the study of special issues such as recruitment patterns, seasonal variation

and stock identification.

Variation in Availability of Certain Shelf Rockfishes

Accurate and precise estimtes of shelf rockfish abundance and distribution
are quite elusive due to inprecise know edge of their habitat and behavior, and
the species tendency to aggregate in relatively small and scattered schools. W
have attenpted to reduce sanpling error and variability by sanpling intensively
in general areas of abundance as indicated by commercial fishery statistics.

Ni nety percent confidence intervals for 1977 estimates of canary and yel |l ow ai
rockfi sh abundance ranged from + 51-168 and t 71-114 percent of the point esti-
mates, respectively. In spite of efforts to reduce variances in 1980 by
sanpling even nore intensively, there was no inprovenment, This cannot be
readi |y explained, but perhaps it occurred as a result of differing availability

and vul nerability of shelf rockfish to the sanpling gear fromyear to year
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such unpredictability enphasizes the very dynanmic behavior of rockfish popu-
| ations and the nmajor demands placed on experinental designs.

Not only do annual variations in distribution and abundance render it
difficult to design sanpling schemes which pronote suitable accuracy and preci-
sion, but short-termchanges in availability can have an inpact. Changes in
availability created by behavioral patterns and variations in traw fishing
efficiency are a constant concern to those conducting assessment studies, but
are not well understood and, therefore, are not usually addressed in experinen-
tal designs. After the schedul ed survey stations were conpleted in Septenber
1980, 43 stations were replicated in a snmall region off Gays Harbor, Wshington
about 2 weeks after they were first sanpled. Canary rockfish CPUE increased
from1.2 to 3.9 kg/km and yellowail rockfish CPUE increased from1.0 to
16.8 kg/km when the stations were replicated. Canary and yellowtail rockfish
CPUE val ues were significantly higher during the second period (to0.95 = 5.15
and to0.95 = 11.30 for canary and yellowail, respectively). It is not known
whether the difference in mean CPUE's represents a real change in abundance or
a change in availability to the trawm. During the first sanpling of the northern
rockfish study area, it was observed that catches consisted of very few fish
and large quantities of jellyfish. The catch of jellyfish was 57 tines greater
during the first sanpling of the replicate stations than during the second
sampling. Trawl vessel captains have remarked that rockfish catches often
decrease when jellyfish are extremely abundant. One viewis that jellyfish
clog the neshes of the trawl reducing its efficiency. These changes in CPUE
could also reflect changes in availability resulting fromshort-term behavioria
di f f erences. In both cases, the inplication is that slightly different survey
periods could produce quite distinct popul ation estimates for reasons other

than an actual change in popul ation size
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Variable availability, contagious distribution, and the species tendency
to aggregate in poorly defined, very snall areas are factors affecting the
accuracy and precision of estimtes which are not easily overcome at practica
level s of sanpling effort. Directed trawing and testinony by experienced
fishermen suggest variable availability even in those |ocations known to
attract shelf rockfish. Eleven directed trawms were made during the second
sampling period at sites chosen by the captain of one of the vessels to conpare
yellowt ail and canary rockfish catch rates resulting from predesignated survey
tows and tows using commercial fishing strategies. The captain nmade directed
tows using el ectronic navigational aids coupled with his know edge of the
grounds and experience in targeting on canary and yellowtail rockfish. The
only constraint placed on the captain was that his tows had to be nade within
five 12 nmi? areas. The target species were caught consistently in directed
tows ; 10 of the 11 tows (91% contained one or both rockfish species. Sixty-
ei ght percent (25 of 37) of the correspondi ng predesignated survey tows made
in the sane area contained the target species. This suggests that the captain
had sone ability to successfully direct his effort at these two rockfish species.
On the other hand, mean catch rates for directed tows were |ower than for
predesi gnated tows in some sections, but were higher in others (Table 6) which
woul d indicate that even directed fishing by an experienced captain will not
consistently produce |arger catches than those resulting fromsanpling in a
rather intense but systematic random manner. This nust be largely due to
varying availability and vulnerability of shelf rockfish even in areas known to
aggregate such schooling species.

Clearly availability, vulnerability, and other factors affecting sanmple
representativeness are very difficult issues requiring long study. An in-

terimapproach to inproving area-swept shelf rockfish surveys, in particular



Table 6.--Catch rates (kg/knm) for yellowail and canary rockfish based on

catches at predesignated survey stations and at sites where an
experienced fisherman directed tows at the two species.

Predesignated tows Directed tows
CPUE CPUE
Ar ea No tows yel [ owt ai | canary No tows vyellowtail canary
D 4 101.6 1.2 ! 2.8 0.0
E 13 11.8 0.4 3 3.9 2.6
F 3 0.0 0.1 1 0.0 2.3
H 9 19.1 17.7 5 31.6 3.4

8 0.4 0.3 1 125.4 0.0
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woul d be to utilize recently inproved comercial fishery data to nore accurately
descri be shelf rockfish habitat so the survey area could be stratified in a

more effective manner. The sane data base could be used to explore trends in
availability which mght be associated with season, tidal cycles, tenperatures,
and maturation so the periods of greatest availability m ght be predicted and
surveys schedul ed accordingly.

As nmore information becones avail able and new studies are conpleted the
opportunities for nmeasuring the effectiveness of resource surveys in estimting
popul ati on change are increased. Recently, virtual population (VPA) and stock
reduction anal yses were conpleted (Tagart 1982) for yellowail rockfish in the
| NPFC Vancouver and Col unbia areas for the 1976-1980 period. Wien these results
and CPUE trends were conpared with the popul ation trends indicated by the
1977/80 trawl surveys, we found that in the Vancouver area VPA and CPUE i ndi cated
a rather stable population with some slight increase between 1977 and 1980, but
the survey data indicated a 55% reduction in population size. In the Col unbia
area, all 4 indicators produced simlar results, pointing to population re-
ductions of approximately 44-70% between 1977 and 1980. These results suggest
t hat abundance estinmates from areas where the survey was not specifically
designed to enhance precision (i.e., the Vancouver Area) may be of limted
val ue and ought be used only with a great deal of caution. On the other hand,
in areas where the study was designed to deal with the high variability
associated with rockfish distributions, results are corroborated by other
indices of relative abundance. In those instances, it appears that research
surveys will track population trends as well as any neans available. Estimates
of absol ute abundance on the Col unbia area derived fromthe traw surveys were
27-59% | ess than those derived from VPA and stock reduction analyses. This

is not surprising because trawls are expected to be less than 100% effi ci ent
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for capturing rockfish and absol ute abundance estinmates are viewed as being
conservative. Per haps such future conparisons can be used to establish the
general magnitude of traw efficiency (i.e. catch ability coefficient).

In our view, properly conceived trawl surveys can provide useful infornation
on periodic changes in the relative abundance of some rockfish species. Certain
species will be nmore difficult to nonitor than others and it behooves us to
utilize a growi ng body of know edge about variations in availability, distribution,
and behavi or to enhance our ability to inplenent suitable experinental designs.
Wil e we can expect to removesomeof the inprecision and inaccuracies, there
will always be some error associated with survey data. It would be unrealistic
to expect otherwise. O her neasures of absolute or relative abundance are
subject to errors which may be of conparable magnitude. Because all nethods
share this weakness, there is a strong argument for continuing fishery-independent
studies and utilizing resulting data with information from application of other

approaches to assess status of stocks.
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